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PART I-

A. INTR0oUJTION

This report presents the performance characteristics an&
calculations for the Model XO-120 airplane. The report is
divided into four parts: Part . which suimarizes the resulta
of the calculations, and Parts II, III, and IV which explain
in detail the performance methods used and present sample
calculations for the "pack on", "rack off*, and combination
oonfigurations respectively.

The XO-lP0 is a modified version of the 0--119 airplane and
features a detaohable cargo compartment with both front and
rear loading provisions, which in called the "pack'. Other
major changes over the 0-119B8 are the redesign of the landing
gear to quadricycle type and an increase in wing incidence
from 30 to 70 at the root chord.

The performance figures as pr---+ted herein are banx-d on the
latest data available and supersede all other performance
fign-res previously published.

wi
J? - -.. . . . . - + + + . : , , . - • - . : , , ._ - _ . , : - : : : . - : .. . . : . + . . . . . 1



i i I P.• " D A I i :I tt " '1",i I I') V H • it"
I AtlI fill t' t-f k '.'

I'I;

* PIRSORhANC UALOULATION5

- E

it it the purpose of this meotion to present the final

results of the perforwtne-3 co dtire f osuIi ii
and IV of this report.

-A1 performanco presented herein are based on the latest
""peclfioation weigh•s except for the SuMarv of Fart I-B-1
where several speciul gross weight conditions are presented.
These speoial weight conditions are Wefined by referenoce (1)
for Standara Aircraft Characteristioc Charts and the data
presented are in the form required by this reference

i

Figarii* 1 hitIkiag 6 prowent plots of climb and high speed
performance verius altitude for the sPecification weights.

i
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ISubject:__ P)0'R AJOECACUATIONS

PART I-B-3

3w. OombinatI2ZM_ ftgX:-0n dagt ak-~ff

Because of its unique design, the XG-120 is capable of
some mnisionp which are impossible with other aircraft.
This is especially true of radius problems where one leg
can be with paok-on and the other without pack. The
following missious are typicala

of Mlission to halfway point. Pick and cargo to halfway'

up pack and cargo and& point. Drop nack and
return to bass. Take-off cargo Fnd return to
Cross weight defined at base without pack. Takel
halfway point. off graop weight define1

at Iýegining of radius.

Tako-Off Grose Wt., lbs. 61400 74000 6 0ooJ 71000

Xax Go0bat TRadius(l) naut. mi. 840 750 9g0 810

Ave Speed mph/knots 16o 139 162 1141 156 136 16o 139
Payload for lbs. 12000 211450 5200 15200
Total Mission Time hre. 12.4 11.0 13.6 12.0

WOTU: (1) Definition of maximu= combat radius same as preoeedivg table.

*e
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lh. Steciolonditions or Standard Airaraft

Chearsoterim tios

Performance pressented herein ir. tha~t requiredby roferernee

()for Standard. Airaraft Ghuraoteristio (Oiaztu.
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Subject; W4RUPAUQB QALOULh-.TL0NS

PART I-,-,4

LOADING AND PERFORMANCE- TYPICAL MISSION (Cont.)

NOT25i (1) Take-off power for take-•off Orly an-" military po-wer for

all performance.
(2) Normal power.

(3) Take-off and lending digtances are optiaunm with normal
technique; for airport planning add 25%. Landing is
without use of reverse thrust provisions which are
available and. reduce landing ground roll by approyimately
40%.

(4) Radius of action is based on unloading pack end cargo at
remote base (target) and without refueling return to point
of take-off. Max. range based on carrying pack and payload
entire distance except for Ferry VI which is pack off.

(5) Stall upeed.s are for take-off grous weight, sea level, power-
off, flaps full down.

(6) Conditions:

(a) Performance based on NACA. standard atmosphere.
(b) Radius and range are based on ianufacturerle fuel

consumption data increaue& by 15% and full oil carried
entire distencc.

(7) Cruising Frobleias:
I. Formula: Basio (750 n. ml. radius)

Allow 10 minutes operation it normal rnted power for warm-
up and take-off, climb to 10,000 ft. at normal rated power
at upeed for best climb, cruine out at s)eed corresponding
to 99% of best ecoonomy, lsd and detach pj.ck End cargo, 10
niiiuteu Qper!tion at normal rated power for warm-up and
take-off, climb to 10,000 ft. at normal rated power at :p•-ed
for best climb, cruise back at speed correspoading to 99%
of best economy. 5% of useable fuel is held in reserye :t
all times, all range data are 5% conservative in addition
to 10% for installation (total 15%), range is baped on
distance in climb and cruise.

I1. Formula: Resupply
Same flight plan as for Basic Mission except maximum radius
at maximum take-off weight in lieu of fixed 750 n. ,ai.

radius.

I.. _______
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LOADING AN_ D _EROANE_- T__IKL MISSION (Concluded)

votest (Oont.)

III, IV" formula: ft~pply

Same as I except pack •nn carpo married entire distA~nne thus

eliminating warm-up, take-off, and climb out at mid-point.
Supply III mtches Basic I and Supply IV matches Resupply II.

V, VI Formula: Ferry

SSame as III and IV e9cept no cargo carried but full fuel.

Perry V empty pack carried and Perry VI no paok.

I :--- • "- t
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PART I-0

0. POPJ LXR qjO- P-ROML0R

1. Tabulated Gharacteristig.

Manufacturer Pratt & WhitneyDesignt ion R-436020

ear Ratio - Prop RPM/Ingine RPM .425

Norm•l Rated Power
Low Blower - DR?/RPM 2650/2550
Altitude - ft. S. L. - 6ooo
Max High~ Slower - BSP/RPM 2300/2550
Altitude - ft. At 18,000

Military Rated Power (Dry)
Low Slower - BV/iM 32ý50/2700
Altitude - ft. S.L. - 1500
Max. High Blower - BF/ RPM 2500/2700
Altitude - ft. At 17,000

Take-Off Power (Dry) -M94/BPM at S. L. 3250/2700

Frpopller

Manufacturer Hamil.ton Standsard
Blade Designation 2MTEq3..26R
Diameter ft. 15.083
Nwmber of Bladeo-
Hub Designation 24,260
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PART II-

aIRIOREWM0c CALCULTIONS - "PACK ONB

All calculations in this part of the report are
for the airplane in the"Paok On" configuration
only.

A2J :'!?_________________
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PART II

SECTION A - THITUST H1-RSWM2 AVAILABLS

1. Gtzwral

The thrust horsepower available as used in the performance

calculations of this report in defined an:

THP : ) )

-• re :
BiP = engine brake horsepower from engine

manufactureris power ourves

2 calculated propulsive efficiency

PFlot of thrust horsepower available versus speed are
presented in figures for conditions as listed in theI following table.

E. . ... ... . . . ... ....ngines i Power ,-- Altitude I- Ag.uri

Operatingi R at inglf No.
Ib s ':I iaur

2 Noma Se Leel1

7300 15
18000 15ý

1ea Level 14

6 zooo 14.
73200 15l

19000 15
2 Military Saa Level.... . 17

1 1500 171

7 _ 17000i 20000 19
S....1 ..... ,--Xilt t7 ýi a•Z~vl 17

, .'. 5•17
: 3300 isI

1 7ooo00
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PART II

SE0TI0N A.- THRWST HORS3POWR AVAILABLZ (Oont.)

n Brigng Charactarizatiz."

Power and fuel conaulm)tion data were obtained from engine
manufacturer's gpecification, reference (a). A plot of
military rated power and of normal rated power versus
altitude is shown in figure 7.

The sea level power characteristics of the engine are
tabulated below: -

Single Stage - Variable Speed - P. & W. R4360-20

Take-off 3250 2700
Militar7 3250 2700
Normal 2650 2550

3- WrAIIlI.ve AffCQQencg

All propulsive efficiencies were calculated using figure i4
of reference (b) at the basic efficiency chart with appropriate
corrections for tip losses and differences in activity factor,
thickness ratio, and number of blades. In the low speed region
static thrust and thrust versus speed were calculated by the
method of reference (c). The thrust horsepower available (9 BlIP)
was then converted to thrust and the two curves were faired to-
gether to cover the speed region where both thrust and efficiency
systems break down. Figure 9 presents a plot of thrust versus
speed for full normal rated power and shows the method of fairing.
A similar plot for military rated power in shown in firare 9. A
eample ca!•_!atton for propul uive efficienoy at 6000 feet altitude
and normal rated power is shown on the following page.

The propeller rolection was made in reference (d) for this engine
4TMA I o~ nAn t'e c-11B rpnian It !-- ket the sam- on the
X0-120 airplane beeause the engine installation, the design
performance oonditions, and the propeller fuselage clearance
remain the same as the 0-119B.

I
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PART Ili-A (Cont.)

SAL! PROf-ELL•t IF¥1GINY AT G000 FT. AIN.WDS - xP

Engine Pratt & Whitney R4360-20

Altitude 6oo0 Ft.

RPM 2550
Gear Ratio .425
Prop Demignation Hamilton Standard 2H17Q.3-26R
Blade Section •A.A
No of Blades
Diameter 15 ft.
Activity Factor 147
h/b .056
Body Diameter/Frop Diameter .39
Cr .8359
Prop "PM.0-
Velocity MPH) 100 150 ....

0.,, Vmw x1Ol/2P3D .1539 1.08 'l-079 11.3460, a Bo x loll/%31/- 5- .15 I .159 ..15 .159
O 0 x (corr. for no. b1alrw) .1 20 C10 .iaL0 .120

Op" P xp1 z (corr. for A.Y.) .090 .090 .090 .090

Op apm x (corr. for h/b) .0957 .0957 .0957 .0957
Sfrom fig-re 4 of reference (b) 67.5 80.1 95.25 87.0
S.75R from figure 4 of reference (b) 22.20 24.8o 28.00 31.60

7r Jp D/60 a rotational tip speed s56 856 556 56
f speed of s-ound at sea !e're! i.0i 1.021 1.021 1.0211

speed of sound at altitude

Dom ý6t (function of 99 ss hi• W .94 .967 .945 .920
(, D/ 6/6o)(fo/co, s t) .gs9 .9o .925 .950'

F.75R aaeae of advance 130 1 190 1 2-.50; 29. 7ý

4/9 t blade angle correotion. to tip speed -. 350 .. 4o .. 550 70.T

0( 2 /ý75R + `ý - -751 8.850 5.140 2.950 1.20
fv 2 tip speed correction for " 1.30 1.105' 1.015 1.0021

fh = tip speed correction for h/b .959 .959 .959 .959,
(7r-• D/6o)(fjoo, o t)(:rK (fr)%) a e.quiv. t 10

llo&16 958 900 913

2T 2 correction to g for tip speed .931 1.00, 1.00 1.00

rB = correction to ' for body diameter .996 .996; .996: .996
F• - correction to for activity factor .976 .976 .9765n .9795
Piz = corraction tog for number of b1adoz or -

, curr a cnarz -K wT x 2B x AF x -. U L.O .i 3.4
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PART II

S&CTIOQ B -TM~ST 0 WQ 3L~

1. Leneral

The thrust horsepower required used in the calculation
of airplane performance is determined from the following
relat i on.-

T1W " DV/375

•here

D "airplane drag in lbe. a CI q S

V - true airplane speed in mph
8 grost wing area in eq. ft.

Figure I4 through 19 present plots of thrust horsepower
required versus speed for the subject airplane with the
*pack on' at various altitudes and gToss weights of
~44000, 514,0oo, 64,ooo and 7~4,00C lbs.

2. Drag Coefficient - 'lean Airlane

The drag coefficient of the subject airplane in the "pack onO
configuration was determined by evaluating the changes from
the present C,-119B and adjusting the C-119B polar diagram,
whhch"-, conatructed from C-32 flight test polar with proper
allowances for changes. A de.tailed tabulation of these
chaAges and the corresponding estimated drag changes is
presented on the following page. The further change in CL

and 01 due to the rhange in wing incidence is presented in
figure 10. It is noted that the drag analysis is made in
terms of KX where:

"KX = airplane drag coefficient in lb/mph' x

S z gross wing area in sq. ft. - 1447.25

The drag coefficient as derived above was checked against
that developed in reference (e) by a detailed build-up of
the drags of the component parts, and against that derived
from reference (f) by oorrection of the available wind
tunnel data. A comparison of the three curves is shown in
figure 11 and a reasonable agreement in shown over the
entire % range.
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PART II

SBOTION B - THIJST HUORSEPUOWEM PJIRD (Cont.)

2. Drag Coefficient- Glean AiMrlane (Cont.)

- --- C.I 119B XO-120

Max. Gross Sectional Area ft. 2  1I3.62i 179
Length ft. 60.l04 56
Fineness Ratio a m6l,/4 4. l .45 3 1 .723RN 1.054 x log 9.83 x l0T

0Do smooth .041 i03T6Roughness & Leakage (% smooth fuselage) 60% .004

ON corrected - .o656 .0752
KX (based on frontal area) lbe/mph 2  .0241 ,03423

LK X # '01013

Max. Gros Sectional Area ft.? 30.65 44I 1.6
Lenigth ft. 63.75 68.5
RN l.1 X l ogl• 1.*20 x l0o

T.L. 1Ho lot I 14 0'

Fineneus Rt•io a .996I/Io 10.-1 7 9.10
Ssooth I - .o62 .o76

Rouiineus & Leakage (% smooth boom) 57 57
0 D corrected .1353 1193
KX (2 boom.) i .0212 .02723

SKx 2 +00603

Using C-119B polar and adjusting for drag differenaest -

: 114:47.25'
A Kx total z 4.01616

A CD : .00436

The above drag table corrects for all normal drag chh•ges from the
G-119B to the XO-120 except for wing incidence charge which ia obtained
as incremental change. from figure 10.

Estimated Mffeot of Coyl Flaps .Oen in Climb
A Ky Rich Speed to Climb s .0274

_ _M...
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SXO-120 l

1) NarchA 194c)
... .- T1 11 t" IIS~ui,''t: t'E~tOR.IAYC,, CALCUi.ATI'Jfl•: •.•-3

IT

FART 11-:8 THRUbT HOJ ±UW{ý-. 11EqUIRM (cont.)

3. Dther Items

a. Deflected Flv.pa

The increment in drag contributed by deflected wing flapst
was obtained from wind tunnel tepts nnd from Fairchild fliht
tests consisting of maximum speed runs at various flap deflentlons°
These tests were made on the 0-92 airplane, but if A CD is based
on flan rree, thp dJrtA is apnlic-hR1n to the X%--!O •kirpane which
has the same wIng oection and wing-flap configurations. Total
flrp Fv-eA is 100 sq. ft.

Fbwii•,rp 1b .. + _ • rd or, f-- area) due to

deflected wing flaps versus flap deflection.

b. Landing Gear Extended

SThe increment in drag due to extended landing gear is estimated
to be AOD a .V

'F. Feathered Propllezr

The drag of one propeller feathered for single engine oreration
is estimated to be approximately 7# per blade at 100 mph.
Total A 0 D (bared on wing area) a .O00g

d. Deflected Rudder for Single Engine Operation

For one engine inoperative, it is necossary to deflect the
rudder varioup degrees depending on the Gpeed nnd powur condition
to hold the airplane in the zero yaw condition. The increment
in drag contributed bv the defl~ete( !-ýdn._r was estimated -rom

the wind tunnel data of rnference (P) for the f--A2 P!p.!•ne
an.d shows consistent agreement with the wind tunnel data of
reference (f) f£r t0- Xr-] x-O with "raok on". Firirn 13 mhowe
a plot of yawing mo:lient oneff-rieent j,( veresu A C" for the

rudder defloction necetqc to maint)h1 Oo) of yaw in eiltv'le
ongine oper,,tion,

A itle cA~oul -tion dtorntrvtii, tho s: of tli.4 (Iryve i

c A
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SYMTZOF B THRUST FORSM.OWE2 R.EQIRMD (Cont.)

4I

a. Two Engine Operation

Thrust horsepower reauirfd for two rmj-inp opor�Iton

was calculated using the polnr diagram of figure 11
for gross weight, of 414,000, 54,000, 64,000 and

714,000 lbs. A sample calculation is shown on the
followi jj ,.gti for a groro weighit or ,)3,000 1bi,

Resiuts of theme computations are plotted in the
figures tabulated below.

Altitude i ."Ire
Sea Level 14 and 17
1500' 17

60000? 14
7300' 15170001 19I
19000' 15 I

2,0000 1 19j
250001 16



t t A lit, If I 1,, I'.

* i--B,-4 W ont.)

SPALJ I C ALCUIATIONS - THP 'Ui0UIRI - 2 •NI+ _•(+fL'SS WEIG1T

64,000 IBS.

I'lig1 Speed - Cowl Flaps Clooed .Olimb - Gowl Elapu Upen 150

0C D q a - D q8 L 01D q _ D z OD q

.P e0394 221. J-2020 .7 .o623 6-,. 5690
o.0og 147 S6 .Go8 9 .o67, 55.2 5390

.0429 110 6920 .9 .0737 49.1 52O40
5.o046o sR.L1 5gqo 1.0 .0o13 414.P 52o,

.6 .05o2 73,+ 5350 j L, .o906 1to~p 5270

.7 .0549 63.1 5010 1.2 .10,0 36.9 544o

.g .06oo 5'5.2 14795 1.3 .1159 34.0 5700

After finding apeed (V) and THPR at Sea Level, corresponding velocities

and uower rpriulro. , t ny rdomized altitudte iay be obtained readily by
the following relation: -

Yfa. t.T VT
lt. s,.l. -, ,T :, -- k ,lt.

Altitu.de Sea Level 6ooo Ft. 7300 Ft. 18O00 It.
0onditionI OL V TP V TI*I4 V nu{P V T

.2 2-g4 98o 71.5 10796 329 11013 399 13076

.3 2Ao 5560 262.5 6027 P67.9 614g 315 7300.4 •o 3g05 2?7.9 I069 232.0 4246 276 5041

S.pd 186 2913 203.7 31s6 207.? 3250 246 3859
1.6 169.8 p14'_ 1.0I 26R47 1Fj9.1 2700 225 3206

.7 15/. �2103 172. 2300 175.0 2347 205 2756

.9 147l. 150 160.9 2056 164.0 2095 194.g 21491

.7 157 2390 172.0 2603 175.0 2656 20 3153

.9 1.47 2110 i6o.9 2305 616,o 2354 i94.5 2795
-.9 135.7 1939 152.0 2121 l5i14.8 9 P1641 1 - 2569

11mmb 110 131.5 1g22 144.o 199 1,6.7 2033 17  e1 4-
S!.1 TI?.P 1761 117.0 1921 139.7 1965 166 6333
l.P 1;0.0 U i(14o i i., ýkj)U 133-9 1941 159 "305

i13 1-:5- 2 1752 126.1 1916 12•,6 ]9y)5 I5P°7 d3I

a~lg•tit'I it_;,' 0j, f'rem tb+ •l•e O•ntt. by,- iis ng th+,f Jio ,•+• ++.e;,m :

OfV+ + +gt, '+
' - '+'i? T}+•-•~ { - ' •+ +++I.

+"lk+ ++ • +++} + "]')[ '•' + )( J +•+i + +l l( b"l • •'• • " "
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SI.,,j .j P tORMAMOA CALOULATIONS

P 1,%•.".rT I-.1-10,_4 -W , ont. )

b4. einglO sins Oneration

Yor single enine operation the A THP required due to
deflcted rdder and ono feathered propeller was calculated
using figure 13 for the deflected rudder and the estimated
drag quoted on page 2 9 for the feathered propeller. Figure
PU presents a Llot of Z THP required due to deflected rud.der
and feathered propeller versus airplane speed with altitude
parameters for mingle engine oparation at normal rated power.

Si••ure 21 presente a nimilar plot for single enKine operation
at military rated power. In addition to the increase in power
required due to deflected rudder and feathered T)ropeller there
is a decrease in power required due to the closed emnine cowl
'flp-, &Md nil -eooler flqaps ln the dead engine. This deortese

i. ake •.one )ýIf the dr" inerease from high speed to
climb condition or !hOD = -. 003719

The net i,' TEW required due to deflected rudder, feathered
propeller, and clo-od engine nAd oil cooler flaps on the dead
engine was subtracted from the THP available for convenience,
instead of being added to the TRP required. Figure 14 throu4gh
19 show effective THP available for single engine operation
where: -

Xffective THPa(l engine) : !T(HF&g e nnes) -THPr due to heflected rudder
2 rand featho.red propeller

- •THPr due to closed cowl flaps
and oil cooler flaps
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L dnt-inr prOwtlo (101.0

Sam-ple Calcleaition - Tl•pr duo to deflected -anider Find feathered

Se ev l - Mitar ..... '...ow....er..

mormulae AP.

1lo 290~i0 6~CU.C43 .041. I*000092 1 2O

b S b q q ,

_••normal force

14-5lcAt. ft. (dictance from propeller conterllne to airplane

T o aThrust In ebs. in Tor x 375/oh
ON:normal force coefficient

b 1 0o9.27 ft.
q =dynamic pre.ssure

1 wing area w 1447.27 q. ft-

Sea Level -Military Power

lbs. -N /-~l -St _DR :\• _ S I ,. A r
t~2000o 7500 255. .0270 .01192 .•00-6 .0o1212 ),ql 12-6'

10 2202 6es0 I6. oo072 0663 .00 .007)" -196 127
680 50.1 -0117". .00530 .00091 M0610 q4h 165

10 230 5.0 
0 f0 O

ISO 2610 W-'" 0 .004!4 255),•w g..• v.,J,.. 531 5

Sn,)le Galcu!ation - P, 1TU'r duie to closing engine cowl flaps and oil
couler on dead engine -single engine opnration

V.ph t• • - 2'L "% . .4D! a ATHPr

29-q59 1 0037 137 5.
-4• 36 . .o8o0 37 19 -1 63 ,0

!,r ,-7A,

180 (4 17 44
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Mubject: PERFOR IMANCE CALcULA.TITS I i.:il

PA-•T II-C

0. OLIMB AND CEILING OALOTI.ATTCNB

Maximum rates of climb have been computed for the subject
airplane at grozz wsights of 144,00; i4hO000 A±,OO0 and
74,000 ib1-s. with the nPack on" at "W^'•Ifh normal rated a--Il
militar7 po.•r. R-ate of climb It determined from the

amu ' difference of horaspowers available and required
as obtained from figtures 14 through 19 according to the

usual relationship: a_._______3 000_ft./ min

Rate of Climb 2 (TiLP' TB?) 0 ft./mGn.G.W.

Maximum rate of climb versus altitude for the gross weights
listed above is presented in figures 22 through 2; for two
engine and single engine operation at normal rated and military
power .

Service ceiling (R/O a 100 ft./min.), absolute ceiling
(R/O 0 ft./min.), and combat ceiling (R/C 2 500 ft./min.
on maximum power) have been obteined from these plots of calculated
rates of climb. A plot of service celling versus gross weight is
presented In figures 26 and 28 for two engine operation At normal
and military power, respectively. Figures 27 and 29 present
plot* of absolute and service ceilings versus gross weight for
single engine operation at normal rated an& military power,
respectively. Figure 29 also presents a plot of combat ceiling
versus gross weight where combat ceiling is defined as the
altitude where the maximum rate of climb Is 500 ft./min. during
two engine operation at maximum (military) power.

Time to climb van obtained by a step-by-step integration of the
rate of climb curves,

Time to olimb f ' 1/(/0 dh
/.o

Time to climb versus altitude is presented on figures 22 and 214

for two engine operation at normal rated and military power,

respectively.

I -- ------ '---------!-.
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PART I1-D)

D). MAX-1IMUMtpp AŽ4i) nLIN(R S-PRifld)0 4,OATTf1P.1Nfi4

Maximum speedn were obtained from fiuror 1i through
19 at the intersections of the rower required and
available curves. Spopda for mntimunn rntos of climbwere Ub•tained fr'om the sa-ut figures at the maximum
difference betwssn tlrhrixt. horneponnr rnqnired and
available. Maximum speedu and best climb speeds
vorwsn n'Itititmde for two onp:ine operation are presented
on figure 30 for normal rated power niid fir9 uro "7
for militairy rated power. Speeds for bsst clibrui
fr- normal ratedpower e"nd• on• firhoe.n in firure i2for normal rated power Pnd on firl-re 33 for siilitary
powor.
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PM'RWGI CALCULA.TI ONS -

PART II-E

1. 0_ruising Power REqulred and Available

All cruising calculations on the subject airplane are
made at a statndard altitude of 10,000 ft. using manm-

facturer t s power and SN' data for low blower opermtion

from reference (a). Preliminary calculations indicate
that maxinrmi ut/lb. at any speed and altitude will be
realized when craiRing at limiting BP (limited by full

throttle, BMI2, or prop load). This !i.aiting DUP line

ia plotted against engine RPM in figure 34 as it is

croseplotted from reference (a) for engine normal
operation in low blower at 10,000 ft. Janmfacturerl'

VC along this limiting HIP line is plotted versus
EHP in figure 35 and is used directly for the cozmu.-
tation of maximum range. This SFG curve is then
increased by 15% and plotted versus SWP in feuire 35
for use in the computation of combat radius an& combat
range. Effioiencies at various points along the

limiting BHP line of figure 31 were calculated as
already described in the power mailable section. The
power available lines are plotted against speed at
constant B"P in figure 36. Cruising power required
was calculated using the high speed polair (cowl flaps
closed). Power required at 10,000 ft. is then plotted
against speed for gross wei-Hts of 41,000 51,000, 61,000I

and 74,000 lbs. in figure 36.



Report No. no07-o016 " rw..-%-Ir %r -`r-">F . -.',
Model XC-120 <~ IO4ILL) Page

...1---.; .-- ---

m t . "i 1 14I

nitI q''I I < L

:A' it. t

IT, Tj ~ ''''* * ~

:it70 j!
:1*1'2T-1

*1~''* %

Thttt

tv L' iImI

'JI1

sI 
T

II I t-~K



Rtmort No. amy-010 r

Model C; ' - IS t• • -.

' ' . . ' . 2 , .- t: 7T! .... t . -:I~ .1- - - - - --. ' • " " i ' : l ' . - - , . . .

T ... .• • ... .; :

-17:

' : - l !

Hit I t - .-4II

I~: m i

'I, I ~~11.4;. -

il•! p;: ::!-

IL ' , , " "

,1 A;, "'
il '1 t I . '"

I i . : : t - :

I 2:1 .. . ."/' !

1 b.. .+ ° -" "

: 'r t:"

• ~ ~ ~ -t " !;-: .
Im

a~ I'

'4 ... f. -- I," • : ;

•, i ,,.. - t ,i'.,,.:- I;:

"w17

Ir

--f
"ii :. . -" " :1 "

i " i l l I 7t.. ,jj: -- I I : -
L _ _'rrA_ _ ".. _ . _ .. . ", I , .. .; !__ o; - _ -t.__

p = .- r 1 I il -'1i" !i ::Jll .lllll •



Report No. RJO 7-0-16ýAl-71Vý

II L

F~~~~~ m-i-- -- -r- *
Ii 1. Ii .,r/.s7,

isvjv'

-. -i :.%.c+... (K
--- r-: [7"! !: 7I

414

ItI

I I -J

VF IA.

L L .L .. I ii



a1

,X0-i20 ii r.t.,., If*

11 March 19119

PEMRY'fM&NCE O.ALCULLTI ONSj

fI

PAR*T 11-7

2. GRUISING CALCULATIONS (Cont.)

2. Miles per Pound Calculations

?or any desired BHP, the SIM may be read from figure 35
and f-el consumption for two engines cruise is

#/hr. = 2 x BHP x 570

Then for the desired IMP, the airplane speed obtaining
with any gross weight may be read from figure 36, and
miles/lb. Is

mi./lb. of fuel a mi./hr. #/hr.

These calculations are made for gross weights of 44,000,
511,000, 64,ooo, and 74,000 lbs. using each of the SYC
curves of figure 35. Figure 37 shows mi./lb. of fuel
versus speed with gross weight and BU parameters as
based on the manufacturerls SIC data, and figure 38
shows a similar plot based on SlC's as increased 15%
over the manufacturer's data. A sample calculation
Is shown below for 64,000 lb. gross weight.

Sample mi./lb. calculation for 64,000 lb. gross weight
(Based on Manufaoturer t s SIC)

214o 2550 , 47 W 33o F --2'3. . .0702
2100 23,7_ 02 2110 21T.7 .o1031

1970o217 .oo .b
1240 170 .4565 1133 1310 .1154
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PART I L-I (Cont.)

M.i..les per Pound. . cu.tion ont.

'or the combat radius and combnat range calculations of
parts 3 and 4 of this seotion, the peaks of the mi./lb.
of fuel curves of figure 35 are connected to form the
"bast eoonomr" line. Mi./lb. along this line are multi-
plied by 99f and speeds are read at the resulting mi./lb.
values. Oorresponding hre./lb. of fuel are then found
as

hr./lb. of fuel s mi./lb. of fuel V Ymph

These computations are shown below and 99% best mi./lb.
of fuel with corresponding speeds and hre./lb. of fuel are
plotted against gross weight in figure 39 which forms
the basis for the combat radius and oombat rarwe problems
of the following mection.

Computation for Combat Oruise Problem

Gross -eat mi./lb. 99% aest V at 99% Beat Hr./l00o lb.
Weight of fuel mi./lb, of fuel mi./lb. of fuel of fuel at 99%

-. . . . - - - - - - - --... .. b e st m i ./ l b .

44,000 .1770 ,175C, 1)43,5 1.220

5)4,00o .11462 .1)450 15)4. .9)41
64,ooo .240 .1225 164.5 .746
74,0ooo .1055 .10144 175. . .596

I I

I L 2 . . _ _ _ _ _____
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PART II-I 0RUISISO QLCLULTIONS (Cant.)

Mile Ba on i-'-t-n (Cont.)

Tor the maximum range calculations of part 5 oF this mection,
the peaks of the mi./lb. of fuel curves of figure 37 are
connected to form the 'best economi lines. Values from this
best eoonoq line are multiplied by .95 to get best mi./lb.
of fuel and oil. This step allows 1/20 of the fuel consumed
by weight as oil consumed. Corresponding hr./lb. of fuel and
oil are then found as

hr./lb. of fuel and oil a mi./lb. of fuel and oil Vm. h

These cooputmtiona are shown below and beat m../lb. of fuel
and oil, best hrs./lb. of fuel and oil, and corresponding
speeds are plotted against gross weight in figure 40, which
forms the basis for the maximum range calculations in part
5 of this section

Calculations for Best BoonomV Cruise

Gross Ymph Best -i./lb. Beet ni./lb. Beat hr./.,b.
Weight of fuel of fuel and of fuel and

oil oil

41P4,000 13 2035 -1933 o01)453
54,ooo 1U. 2 .:16 .i2 .01001093
64 ,000 15.2 .14 15.52 .ooo00 _
74o000 173 .121(____ .1153

_ __I ~ - _ _ - - ~ - -- - -'
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PART 11-3 CRUISING OALOX7LhTION3 (Cont.)

3. Combat Padiux of Action

Combat rad~ium of action is defined and comuputed in this
report according to the requirements of reference (i).
The general flight plan for this problem is summnaried
in the following step: -I

a. Allow ten minutes operation at normal rated power
for wars up and take-off.

b. Climb to 10,000 feet at normal rated power and speed
for best climbs

a. Cruise out at 10,000 feet at speed for 99% best miles
per pound of fuel.

d. Land and unload cargo or detach pack at mid-point.

e. Allow ten minutes operation at normal rated power
for warm-up and take-off for return.

f. Climb to 10,000 feet at normal rated power and speed
for best climb.

g. Cruise be•ck at 10,000 feet at speed for 99% best miles
per pound of fuel.

h. Land at point of origin.

laotest

1. Nt iv percent of total usable fuel at take-off is held

li reserve at all tiMeg.

2. Range is obtained in climb and aruise steps only -

no range io obtained in landing.

A. All range data are 15% oonservative (SY'Ol are increased
by 5% in addition to a 10% increase ettiated for
Installation, duet louses, accessories, est. - saking
370's 15% above manufacturer's data).
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3.• ra ,.~l W.4, , J, "• ,,,

14. Pull oil is considered carried all the way.

5. Total time is time consumed in warm-v, take-off,climb, and cruise.

6. 7light time is time in climb and cruise only.

7. Average speed ic total range divided by fli&ht time.

Because of its unique design, the XC-120 is capable of more
than the u-"nl n=mber of missions under the above definition
of combat radius. Only those missions, however, in which the -
pack is carried all the Way are considered in this section; other
possible missions with pack off or combination configurations
will be found under the approprate headings in parts III and IVof this report.

Qombat radius of action and flight time are computed by integration
of the mi./lb. and hrs.!lb. curves of figure 39 in which this data
is given at speeds for 99% best eoonomy and based on 1.15 x mann-
facturerls S70 data as noted above. This integration is a trial
and error procedure in which the fuel used on the trip out is assumed
for a first approximation and adjusted until the range out equals
the range back. Range in climb with the pack on is developed from
the time to climb and climb speed curves of figres 22 and 30 and
is plotted versus gross weight in figure 471. The two pack-on
missions possible are: -

1. Pack and cargo out, unload cargo, empty pack back. aombat
radius under these terms is plotted against take-off gross
weight with fuel and cargo load parameters in figure 42 and
¢crrtzpndi-ng tot-all tl+_e 19e pat~te4i tm ha -s""m Mannar_ In

2. Empty pack out, pick up cargo, pack and cargo back. aombat
radius for this problem is plotted versus take--off gross

weight for return in figure 44' and corresponding total time
is plotted in like manner in figure 45.

A sample calculation of combat radius of action is shown on the
following page for a take-off gross weight of 74,000 lbs.

" -
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s&MzE OALMUL&TIONS
004RkT RADIUS 0F ACTION

Takle-off grove weight lbs. 714000 7)4000 714000 7)4000 T71000
Total fuel lbio ].602o 15000 10000 5000 3000

U101 fior resfrve lbs 801 750 500 250 150
P1ml use& in warm up & take off lb. 700 700 700 700 700
Climb pos weight lb. 73300 73300 73300 73300 73300
fuel used iii climb out lbs 9143 9)43 9)43 9)43 9143
BaACq 13 olimb Out mi. 32.8 32.8 32.8 32.9 32.8
Tine to climb out hr.i .226 .226 .226 .226 .226
.(rooo waiht at start of cruioe out lba. 72357 72357 72357 72357 72357
Fuel ams•smd for crulJ. out lbs. 7P00 6700 3900 1200 95
Average gros. valght for cruise out lbs. 68757 69007 70407 1757 72310
Mi./lb. of -fuel .11i6 -115)4 .113o -1105 - 110
Slnga in cruis, out mi. 835 774 141O 133 10.5

br,./1000 lb. of fuol .663 .659 .640 .623 .617
.tme to cruis uut hrj 4.775 4.o10 2.497 .749 .059
Landing po,, weight lba. 65157 65657 6S457 71157 72262
Drop cargo lb1, 15238 16258 21258 26256 28255
Take off gross weight for return lbll 149919 49399 147199 41499 414O4

fh for return lbl 6376 5907 3957 1907 1112
Fuel used in warm up & take off lbes 700 700 700 700 700
01imb gro=m weight lbs. 49219 49699 46499 44199 43.304

Iual usad in climb back lbs. 421 418 391 362 352

jenge ro n climb btak r" . 13t00 12o9 11.9 10,9 10.5
Time- to lab back h. .1012 .1000 .0872 .og1g
Gross weight at start of cruise back ltbs. 148798 J4o291 4108 43837 142952
Puel for cruise back lb.- 5264 147T9 2866 81945 GO
Average gross weight for cruise back lbs. )46166 14556 "414675 143)415 142922

MI./lb. of fuel .1605 .161 I .1635 .166 .1675

Ra 1_'e in cruiee back FLij .9414 770 1470 114o 10.1
hr,./1000 lb. of fuel i 1.050 1.056 1.079 1.100 1,110

Time to cruise back hri.. -52ý 5.C50 7.045 .-30 3D,(
Total range including climb- Out ml. s6s 807 473 166 43

11

-Bak mi. .858 783 492 151 21
rall -?eti"m. 863' 7957 1593

Flittit time hr..~10.627 9.7g6 5-g62 1.991 4146
Total time h--1'0.96r 11-1 ".195 P-?3214 .7169
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PART II-E CRUISING QALZJCU.TION"O

I4. Combat Ra~

rnmllabkt rw ni toifInel knd comnamted in this report according
to tho reourements ofreferenc-ne (1). The gonoral flight plan
for thins problem is summarized in the following stepst

a. Allow ten minutes operation At normal rated power for
wrm-up and take-off.

b. Climb to 10,000 feet at normal rated power at speed for

best c1riu-b.

o. Cruise at 10,000 feet at speed for 99% of best niles per
"pound of fuel.

d. Lxnd

Notes: -

1. Five percent of total usable fuel &t take-off in held in resarve
at all times.

P. RAnge is obtained in climb anM cruise steps only - no range is
obtained in landtri.

3. All range data is 15% conservative, (SFC's are increased by 75
in addition to a 10% increase estimated for installation, duct
losses, ancnesories, ete. - making S310s 15% above mannfacturer's
data).

4. Full oil is aonsidered carried all the way.

5. Total time is time oonsumed in warm-wp, take-off, climb, and
aruino.

6. Plight time is 1ime in cdimb ftMd cruise only.

7. Average speed is total range dii26. b2- flj .-.

.. .. .. .. .. .. . .. .... ... .. • • .. .. .-..... %---:L. . , -
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4- Combat Rance (Oant.)

Oombt range and corresponding lipht time with the pack on
are compxted by a otr~ghtforwrd integration of the o!ln per

pound of fuel curves of fioure 39.

Range in climb is again taken from figure I41. A sample cal-
culation for comibat range at 74,000 lbs. take-off gross weight
is shown on the following page. Similar computations were
made at various take-off groom wf.tihts and the results were
used to plot the grid of combat range versus take-off gross
weý&1 with fuel and c.argo load parameters an shown il figure
)4b. Total time for combat range is plotted versus airplane
"t.ake-off gross weight with cargo and fuel load parameters in

f•gure 47.

I
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,PEMO NaNA.N0 CALCULA.rCIONS ) -:i "•n

SAMPZ1 ••OALOULATIO•

IOM 724000

IC00..off •Vrl w,,,iAt I be-. 740)0 70400 7 74000 71000 '74000
Tota. rualihn. 16020 13020 10020 7020 2400 1
Cargo !bD" 1523. 18239 21239 22423g 27P38
IFuel fur reervs lbs. 50i 651 501 351 201I - 5i0
Vu&l. ;--,o4 fo v&rm 1i1) O ., f Jbi, 700 700 700 700 700

irTh i-jow,, w.0+t lbs. 7-300 73300 73300 73-10 7300A
Fuel ufid. n r llb npo 9240 9140 94o 940 9O

.kvr.r,,•. r jr,,,.; wolett f,., (ruibi- Ibn 65571 66995 6g420 69945 71270!'I.' ./lb. (if _fu-il .1215 .1 0 a165 .114) 911. 1

R.n v v In , --nti so•! 1 650 1 2 90 9 20 597 4 243
M:r.f/,>':f 1b, of f ,p .71 .69 .67 .65 .631 9.65 7 a41 5-2-3 3.27 1.37

&.v.r,..sh weiht ]bs. 55791 61639 61.42s 67331 70121

Total r-,:I, iw-,liATng climb ,i. 1683 1313 953 607 276w
Eltht tkms hra. 9.88 7.63 5.51 3.50 1.60

T otal t l:,• o', 10 ,05 7 sO r,.6 9 3.67 1.77 1
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PART II-E-5

5. Marimum Range and Endurance

Sinee one pound of fuiel and oil in the proper proportions
is equal to one pound of weight change in flight, maximum
range and ,nnA,,1a'nce on the subject airplane are com•puted

by the following integrations: -I Landing Groas Weight
flange ; (miles/lb. of fuel and oil) dw

Take-off Grove Weight

Landing Grose Veight

Endurance (hr./lb. of fuel and oil) dv

Ta~ke-.off Gross Weig~ht

For each range figure the average operating speed was read from
figure 40 at the average cruise weight and the cargo load was

Urigo Load z (T.Q.G.W.) - (Basic Wt. + Cruise Puel and

Oorreuponding Oil).

On this basis maximum range and endurLonce were computed using
the data of figare 4O which is baed directly on manufncturerle
SVC data from reference (a).

cargo and fuel load Paraieters in figure 18, while the corresponding
endurance or fl-1g-h-t tii:e !i plotted in ftigro 49. It In naoted
that this concept of rwxlmum rarnge akev no allowanca for warrm-
up, take-off, climb, heRdwinds, or reserve,

I.!
E
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PART 11-F

Maximum lift coefficiontn ntieJi for thki c-l(,ilnt1on of
stalling~ spoo(da were obt~tlaied. rva. Araqi anet Friirchfle-

apfltections rmýnd werr~o crre~ct~ fer trim to Vie --,ovt

unfavorable c.f, location (nanproxim.'Lely MOt NAC).
Fim~re 50 v~reson~te a plot of rnadmumn lift oooffinicnt

wi th cowl flhps; closc c, genr hi.owfl ;aiid powr- off
Stalling speeds ar plotted versar groax w~eight in
figu~re 51l as computed frow these i4,nyimry- coceffic-lents%
by thcp formula

v S(roh) j391 W/CLI (- 5

where

W airplsne grost3 weip~ht.

Lin taken from fimire. 50ft

(i doniaty reltio
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PART II-G

G. TARE-O" DI STANCE

1. Unassisted T&_ke-Of t

Take-off distance over a 50 ft. obsta-cle wran caelmlated
in three steps as followu:

(I) Ground ran of airplane from rest to 6tall mpeed at
.9 CT.Maa (take-off flap deflection).

(2) Transition of airplane ansuming speed along the flight
path remains constant.

(3) Steady climb after transition Is completed to 50 ft.
S..... alti~ad-at tak-off ,-.eed*

Thrust versub airplane speed was caIculated by the method
"•of referenoe W. Figure 52 presents a plot of thrust versusi • epee& for the subject airplane at sea level. Anstoated

Spreviously, lot thri_-et i neglected In all power calculations.

Take-off calculations are made for gross weights of 44.O00,
6oo00, and 74,O00 lb. Ground run in take-off Is plotted
versus gross weight in figure 57 and total take-off dlstancýe
over a 50 ft. obstacle In plotted versus gross weight in
f igure 5 g.

A detailed explanation of the nethod used is shown in the
following pa"es along with sample calculatIone for a take-
off gross weight of 74s,000 lbaý



POT I1-G (Cont.

1.•T I-0(O(cunt..)

•- .,(W-L)- (W/g)ah 0 0

Select a ranpe of speeds from 0 up to a speed corresponding to
stalling speed at .9 CLomx"

Calculate ah and plot (V/ah) versus V. IntegTate under curve to

obtain ground run.

Assume ". = 200 CLmax = 1.696 (figure 50)

Asseu:' piin with thrtuut line level. Th-e take-off Tnolnr dingrnm
in presonted in ti.f re 53-

CLru = .90 0 Drun .1590

CLT.o. " .9 OLmx .9(1.696) a 1.528

a .02, q a .0011S9 (VfD ) 2  * D q S On, L a q S C1,

VT.", I-, 7: 1.6g fps
1.,528 x 1447- 25

ah ~ = V1,300

W -• h11000 lbs. S = j'1 (q° ftlba,

-- ~. . ,-~---- -----.--.---~~----.-----. -.- -
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P .0' tJ.&AWCE CALOULATIONS "

PART 1 I-G.-! (cont.o)

Method. of LahA-Off kwilvoig

0 o 74000 1 J.10 2196o 20)49o 9 3
•' #r.• t (÷1 r÷ 'I (÷ (#)~ -h" I

I o o o ,o ! - 9 o ,.o
,40 1.90 437 250 71550 31 1979 2 9.3 1 . g9gq

gro 7.60 1750 97 9o 612 128 1S960 15926 " 6.94 11.D3.
100 1.9 27)4n 115320 41690 O 11711 i8000 l14o6 6.1 16.29
129.3 19.87 1570 25600 2o 99 1646o 10922 i h.71 27.-45
1)40- ~233 J53o 30000 i 14)40M 9980 15920 96$0 j4.I 3.2
11 27.15 240 13500o 1o39000 I o 15400 838 .5 3.3033.6 7 6 l46o 6336 Ž.76 60.90

V/%h versixts V in plotted and integrated in figire 51.

'1 l~..llnlixm4'4rn¶lf irxr Ai~v npim

2. - ------- A..--

LT

0.

Assume airplane anseed along flight path remains constant nnd
equal to take-off speed.

Tangential acceleration to zero and since () is amall,
ah 2= 0

"i- Ht T con 9 - L, min,- D coo, N--(/0)% :, 0

ninoe oo n : I' and. ah a 0

s i n " (T - D)/L

.:•. s•Ttin-- L cont - P - nin.,• W '- (W/g)av :

(T --- li
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( L a i n 0 a in O + L w- z

w2 9

w

+i'~ GL a ,

T.0 .T. 0 .T

g:gF-OT... (sin2 ~41

LOLT.O0.

Sinc ili (iR/C)/VTO "A R/O G TD VT

D T (~c

Aseme rbtra-yvalu-a of R/O In ft./rsoa.

Find D aT - (V(B/C)IVT.O)

Find OD : f/qq, f _

Find CL cor responding to CD above from take-off polar diagramn

ktl- : L can:nH: pla~ce eoased OL ax

PltP vrwini fl/( froivt 1/C 0 C to av a~ 0. Nwol tho-,bi('

ofth-i ,rplspne for the ~fi 4X-at~em 0, (111!111 -. this, 0 1

- V 
I.. . .. ...

d 

.
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11WO1tL4I0.T OALUMLATIONS

(2) Transtion of Ai1rplae (Wont.)

"ofni Sothrenk 'izort prncize tham. thn
of Sahrenk and Wetmore. These methods assume that the
airplane pulls OLmax throughout tho entire transition
perio4, However, in many cases the airplane cannot pull

CLmax for the entire period without losing apee.d dus to

the high drag attitude(espeoially if tak--off spead is
appreciably above the stall speed). The above method

shows the 0,L whieh the airplane can actuAlly pull while
maintaining a convtant speed (which closely approxi;.e•-is
true conditions) and en&bles a more accurate step-by-Ptep
integration of thp airplane flight path.

Figure 53 presents a plot of the polar diapram for the
airplane in the take-off configuration with cowl flaps
full open, gear down, wing flaps deflected. 200.

A sample calculation iw shown below for a. at various

assumed rates of climb.

V iL6 fps V = 74000 bs. OL 1.529

T.Q.

TT.O. 2 14690 (two engines) qT.O. = 33.6 +/ft.2

T.0o - 12750 lbs. 3/o

V OD GL i sin L. .....V- -OTO &

S T.U l. 1. -l ft/swa

lP7) 170 -26-0 ii.6q6 .0261 .1.0007 1.111 1.112 3.61
6 AtoU 126-40 -ý2~4ý 11.667 -03r, I .O03 1.090 1.091l 2.9317 30•0 ;±600 .,3.), 1.6145 .oAf. 1.o017 1.076 1.o78 I .51

309)0 11GOU 23P j75 10635 1009 03100 1,076
3520 Ii6o .230o0 1.615 .0476 Lo0023 1 1.o56 1.059 1-,s

10 4i-400 102 0 .2120 1.507 .0595 1.0035 .9g6 ý99o --. 32
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(2) Transition of AirpLnne (Cont.)

Fig-are 55 shows an& a L during transition plotted
against assumed rate of climb. These curves Pre
integrtp.d from R/O - 0 to an 2 0 by using, thce mid-
point for..... , how-,n beln,.

2

tt (-R/O)I + (R/ )

2 /

A sample integration at grous weight of 74000 lbs. iN- hown
below:

I - -. O 7. -.1r.l •19 .5 3.rTL. P6P70

(R/a) 0 Mc A(/0 Ave(II/G) ayeSV aV AtAI) 3Vy !Sh SV Sh
fs fps fpsu fps 2[e

___ Ijfe 2 1 f ~e 2 ft/sea e ft ft ft! ftse

~0 4 .39 j4.39 2.2013.61 i3.61 3.6i1 .2114 P-T ;20 4  ?.7 2041.14
4.96 1.61 5.20f3.61 2'.93 I 3-27 .1492 P.6 9 3 5 31 297 17o

6 1oo 6-5 P-?93 2.51 2.72 .369 x14 62 7.71 3149 2.07414
7 8 1.00 7.5 I2.51 1.87 2.19 .1456 3.14 77 u.1 1426 ?.730-

.5 9- 1.0 5 1,87 1.06 1,147 .63 58 1i6.9 r,- 41 3.1413'
-n .31 .81 9 .41 ixo6 0 .913 1i.528 14.14 256 31.31 797, ..9411

9..1 9.gl 09 0 11.905 18.7 1320 I117 6.0

Horizontadl and vertical distances during trniisition Kre

piotted against each other in fiiare 56.

(3) Steay Rate of 011mb to O50 ft. Altitude

From tO -~ reced.Yreg nten the r.-.to of ali.mb of thp Pirnqane Rfte.r

transition in aiready deter,nirYe&6 (a;.r 0) Oni •I o the vertio.-O.

11 -. N

71I
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(1 61r ! 1'h 1 hI

f 4 rCnt) ffl4m .5) MtItte On

1.. ..

Sol

-I- I

•.{•,.g.,.=__,,,.•-50 ft.- -"(c•,nr•n transition)- (V7o.

50 3L3 16g :320 ft-
9.81

It to noted from figtire 56 ÷v-!t, nt the liphter grose weights,
the airplane reachea an a.itf ude of 50 It. befiore t4hp mtnady

rate of nlimb In attainew; i., for these groms weights, step

(3) i unnecesary.

(48) sua ' of Take-Off Distance

Groom Weight lbs. 41)000 60OOO 74000

Ground Run ft. 759 1639 293G

Transition ft. 58g 793 797
;Steadvy 011ib to 90 ft. Altitiie ft. 0 0 0

Total Take-off Distance

Over 50 ft. Obmtncle f.13)47 2)422 I053

---
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.- Plj,�. PPYORMAJ1CE .CALCULATIONS I' "

-ART It-(I TARK -OrF DIS3TATIG (Cnt.)

2. Jet Assisted Take-Off

At. the cu1_tomorts request the effect on tako-off diptance of
ueinx one or more Tnto unitsm, each rdatane at inor r- tbpltte
and 60 seconds d0rat00lbs .inh bee 5thesrogated. For thie
curvp-ne, the ei e menthod of calculation was (ierd ane at re to
ground ran, trantsition and statead) limb rd fifty feet were
computed ustnakea (0uiti );the tohrust of oni, tw t and fourjato units at m~ch gross waight. A va,-uple calounlation fur

7 V000 1b. g(rosps whwith one uniteu) shown in the followine
pages=

The integrated values of time and distance covared are plotted
dgainet speed during the ground run for gross weights of 7.0OO,
6Th0t, and 4i4000 pbs. in fi-uares 59 thropgh 6 t. From these
curvea the increment of distance from Vo (airplane at rest) to
Vd (speed at which Jato ie started) is read from the line for
unassisted take-off (0 unite); the increment of distance from

14 seo2 (speed at whish jato expire@) in road from the ltne
for the desired number of units; and the increment of distance

from Vd to lT.O. is read from the line for unassisted take-off.
These Increments are then added together to ive the totael
diotance covered durine the ground run.

The transition phase ca1oulatione are then repeated usinr theas
additional thrust due to the jato and the time and horizontal
dietance traversed In reaching 50 ft. rre determined graph-
iTaily. It is then assumed that the remaining time of the
14 seconds Jato durattion is used uj In the grTound run and the

total distance to clear 50 ft. in determined as if the Jato
expires exaotly at 350.

G!youfi, ran and ýutni horizontal distances to clear 50 ft. are
plotted against time to start JAto on figures 65 throurh 67
for gross weights of 7h0000, 60000, and W-1000 lba. From thege

figures It to seen that the time at which the jhto to started

The optimim pointo for each pTrOv weight from tlbeB'e fip•,ri•

,trn used to plot proandi r'un and total, distsnco to clear 50ft, P-ainitt r eitht Oth nh•mle" of' iunit pWirer-ntor• • ir

figOrovA 69' mitd 69ý vo

I.
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PART 11-G tCont.)

2. Jet A.iwjtea T'ke-Off (CUnt.)

MV111A (of~j ~tk-Qff A ~j~j~j (Cont.)

__ -~vn Thin~

The computation for V/ah veroum V with jet a e.irAP-1ce Ir the

same an for the unansitted take-off except that the available

thrust is increacpd by the increiaent furnished by the .lnto units.

Since F in T= A- ' •L]"'

the Increment in thrust may be addd direotly to i from the
prev1ou9 calculation for unasaited ta09 .off. Then ah a 0/M
P•nd V1ah Is COm~nted exFaetly an before. A sample tabulation

for 74.000 1b. gross weight i . 1h9wn below:

74.OCO ibs. X a 2299

I..,ao Unit 2...... . .Jr.to Units 4 ...... un...i -.,j t s>• • ''

IO6 15096 6.56 15.26 16086i 7,00_ !.4 2 1086 7.87iI12.71S 12920 5.65 21.25 0 1390 9.07 19.73 1590 2 o5 17.26
100 116 1152 2 5.15 25.2 126822 5.50 13.28 6. 9 .714o

1 1 9 g~1 6 8 5 .050 252 .51 9 7. 3 1 5 9 5 1 7 2129350 13990 37.02 10140 9680 I l06gO 4.65 30.13 ni s II8•O 217. ý6 13690 5.95123.54

9• so , 93so 4.05 370o3 502. 33,0o 123o 50 .9128.00
1;5 _1_633 7336 3.19 !52: __336_3.6346.P5 110336 4.50137 30

- . -n •7 -.l 2.7 J 8 3.b ___.___._o__._oL0.

Then ,S a ( n Y)(average V/ah)
and 4L t 0 (A Sh) (average V)

A smple tabular integration ie shown below and time and distance are
polotted versus sueed in fim•ire i 59 .... ...ra- gh• 61.

.74POOo l,. One Unit
V A-v V ,( / .. ;,•, , "i h) A , h .,t h
fps. fp a ft ft ft oeO I
o I•4 o o o.65 •.33 193 4.61 93 -.65

I go .40 60 1.65 10oo7 7476 11 5. )4. - I
go 100 20 go .0,T 15.26 3 7.90 7

1.0 100 1010 15I 6 - .125 1.9,6 365 13.-3 2 1030o , Kor
120 !129 3 i 9.3 12i4 65 21 P I 1 ,- i-.7

,10 134, P- _

11mi Il. 17 022 T3Q 369 I',l pIrd r-ý

151 137.0P-' 76 1 H T,

II
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., PFORMICE CALUiLATION13

PART II-G-2 (Cont.)
(i Gr,-•n•. Run (C•ont. )•

Sumulat ion of Iffe 8 of Jatoon rou nm. Runn

"74000 lb. Gross Weight

No. of Un2ts 0 1) 77
Start Assist at tj seconds 0 0 0 0

Assist Ends at t 2 seconds 19 19 ; ! j9
VI (at t 1) fps 0 0 t o.7

V2 (at t2 ) fp 129.5 1O 13.4 1 13.0 14-.5
AiS (from VO to VI) ft. 0 0 10 105

SS (from Vi to V2) ft. 910 120 135 1 901

tlS (from V2 to VTO. ft. 2176 12091 1321 1076

BG (total from Vo to VTQ) ft. 2936 531 27 935 2654

Start Assist at t1 seconds 5 5 i5 51
Assist Ends at t 2 seconds 19 19 219 194
vi (at t1) f, 0o.7 40.7 7.4o.7 40.7
V2 (&t t2) 19.9 131.4 139-0 148.1
/is (from Vo to Vl) ft. 105 105 105 105

ft 1245 1290 1314 7

/1 5 (from V1 to 2  . 1 190
15 (from V2 to YT.O) ft. 14 69151 172 10

BG (total from Vo to VT,0) ft. 2936 277 2 2157392

Start Assist at tI seconds i0 10 10 10
Assist Ends at tp seconds 24 24 24 24Vi (at tI) fps 77.8 177.9 77.9 77.9

V2 (at t 2 ) fps 150.6 155.0 159.5 1g
* 5 (from Vo to VI) ft. 409 )402 4 h0!0P* 3 (from V1 to Vp-) ft- i rr n i 6n o '1 71' n 7n
* 5 (from V2 to VT.O. ft. gAh 691 4 79 0

SG (total from V,* to VirO ft. 2.936 2773 2590 ?192

Start Assist at tj seconds 14.op 12,6
Assist Ends at t2. seconds 29.02 AS.• 6
V, (at ti) f, v 103.5 q,4.9

aS (fron• "¢ t o _J) fro 19y0 Igi•9
F' r (o• v2 to VT, O.)ftý flO)}

9G (tot"l fJ, Vo to TO ft. 3 `0C 3Tt I;5i~ii
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PART 11-0-2 (Oont.)

clumration of Effect of Jato on Ground Run for 1i Seconds DT Ation (Cont.)

74,000 lb. Gross Weight

No. of Unitx I

Start Aesist at t 1 seconds 17 17 1 1-
Assist INnds at t 2 seeonds 31 31 -41

"vI (at tI) fpa 119.9 119.9 119.9
V2, (& t2) 41, d..

a- (from VY to VA) ft. 1097 11097 1097
/\S (from V1 to V2 ) ft. , 16412 12499 1250

A• S (from V2 to p T.O) ft. 0 0 0

SG (total from Vo to VT.O) ft. 2936 2739 25 g6 23117

I.I
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(P) Trianition of Ai.p'nan

The method of oomputing a•, and CL versus R/O durIng thri trin.Ition
In the sn'me with jet assist as without except that the thrist
at take-off speed is increaeed by the c.pqcity of the number of

unite conxidered. A sample calculation for 74,000 Ibs. with one
unit is ehown below: -

Initial R/C n TT.O. ) v.O

W.
(with One"Unit)- : ,, = i_ 215- 16s z 6.65 ft. see.74W•

1 3 1 4 ' 5 6 7 . 9 10

CRnefps ÷!0 D I D 7 x 8 AN,
V lbs. 1 ,LT. 0. f /

6.65 !2930 ]1275 .2630 AI 69 6-.3-96F 1.00157 .l !,), 3.650 516o .259o61.67'.04F76 1.0023 1.0-97
2 1275 3-25 11

10 •OO 112LO .'232511.623'.0595 1.0035 1.062 i.O6s P.19
12 5290 10390 .214e -1.527 .o711& 1.0051 .999 ,.ooh .13
14 . 6160 I 9520 .19 6i s'..09 34 1.0070 .895 .901 -3.19
16 lo7050 630j.179011.163:.0952 10.091' .762 .769 -7.44

The R/O where C0 was determined graphicwll¢ and the R/O
vereut. avtrve in ,nimerInln int •. rat.d below:

[75i'i) 2 i(R/0) I ...,0), i Av e a., t ASv s 3 SU1  t
fpu!Ae(/U a.1 21 i2

pu f_ a fps ftlseo ft/seae ft/teelneG ft Lft ft :ft Ree
0 6-.65 6.65 + 3.33 3.669 3:668 i 3.669 IT1 .o313011 6.o3 30 1.911

6.65 8. 1.35 7.33 3.668 3.25 3. 59 I .39 2.561 661 .917o
9. 10. 3..00 I 9.00 3.25 2.19 2.72 j.735 6.U690123!15.5iit93 2.9361
10. 12.o6 .0O6 !11.03 2v19 Q 2 -.00 .7.

12.06 12e.o6 0 2.06- 0 0 0 :1.143113.91192! 50.o999 5.95

(3) SteaMd Olib to 50 ft. (74i,000 lbs.)

S- ateAv 5o - 36.2. 16g . 19o.2. f t,.
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PART 11-0-2 (Wont.)

(4) Sumamation of Effect of Jato with 14 Second. Duration

74,000 Lba. Take-Off Grorp Weight

Number of Units 0 1 2

Start Jato at t1 seconds i O0 0
. ,ft. Ir M.A 2o35-:) 29

S50  ft. 1117 1117 1-1-7 1.17
Stotal ft. 4o53 39h5

$tart Jato at t1 seconds 5 5
sG r936 2839 274o 2573

o50 ft. 1117 117 1111

•total ft. 4053 3955 3857 3690

Start Jato at ti neoonds 10 10 10 10
s()t. S P936 2773 2590 2192

S50 ft. 1117 1117 1117 111T
Stotal ft. 24053 3890 3707 3309

Start Jato at t1 seconds 124.02 12.6 -

ft. :713 12511

50 ft. 1117 1117
StotaZ ft. 3830 3628

start Jato at t1 seconds 17 17 17 17

SG ft. .i 2936 2739 2586 23471

S5o ft.

Time from take-off to 50 ft. .eeo, 6.5 5.95 5.50 5.15

Mirna jntn run=: "4-rn- -vro'±nA rvnin 7.1 =0 CP a.
Indicated time to reach VT.o. ;,9.60 _7. 69 25-31 2-17
Indio-ted tios to 'urn on -Yt.' ].4r-, 1K81 13.12
V at which Jato iv turned on . h14.g 136.$ I•,.6 7,7

1ft. .30 vu) IC 131i5 1.040

A Gl- T.O. 11006 122' 1 d1gi o9

Tota.l o;ar 50 •' "t. " 51'
" ""a' )3 " ... " .. •.t'12.117 - ,(I.L aI (99Iaj tinej~&J,
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PBMRQORIMN..NC .•LULATIONW ! ..

LOW! D1,rLn T 'IPANG1FI

La nding distance over a 50 ft. obstacle was computed for the "

reference (h) with some modifications for change in attitudeI
of the airplane during the grounn run. The polar diagraa for
the alroiane in the lnnding configuration in shown in figure70. Lnding d _stince has been calculated wthout reverse

thrust (which will be available) and the effects of reverse
thrust have been estimated from available data. A detailed
explanation of the metho& is givan below with a oaRmele
calcilation- for the design gross weight of 64,000 lb.. Landing
distance versus gross weight is preunnted in fig~ure 71.

(1) Approach

Assume approach in glide at Va U I g8tall

f X 11° ULma w a 1.775 (from fiure 550)ISj = 50o- , (from reference (h))

W L %W q s
DG•= CG•q 3

Therefore,

aG : 50 C

'7%Gp = -775/(AP1 x 1.465

CDGI .2193 (from figre 70)

The]%
.G1= 50 (P4r - I-rap (forwe t)

r.•pb) () 67 W

Sv. T,

Ir
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pacy-o16 "t& il11 14 1 f.

PARiT I1-H LouDiNG-L K O (Cont.)

and q V2 d'/391
ST .067 3-91 x VFqG- a

butq % 1
SCL

Snd ,,j * 1 0.3 W/s ,10

a 103wf 1. *t 5 ft. for 6h,O0o Ibs

(*•) ou,• •jj, L

thrf(r ST- 262S Ly

Ag~mam that eufficolent conxtrol exitmt to holil the *talliAnJ
(tLtstde •own to a upe, •f g5% of V5taI when th1 a751W i.6

aettlea to a thi'ee poont .%Ltttude,,, In other wordu the &i~ppl~em
•tt1.tudte Is ,;h•,itn: thro~u•hout the ,•.po~u¶d ,ut.

"ODS = -24 + ~ a a• .2183

1144

!~

IL

atiai dow to a nea- af 95 f.aalwh- h

tate oatrepit'IiuleI te od h t-l-

Pýtiuei hIi-n, ho~u h ým m
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P"IA' II-U LADI• G DIST"ACE (Cont.)

- V 1• wzV2dV tk I:

Afi
W1zvfdv')

If the attitude of thn airplane changte~ integrate from VS to 'H

(minimum speed for sufficient control to maintain stalling attitude)
andl from YM to 0.

SGE zJdSJV (- + 0

f- (- a~ AS+ '0+

Now since;

W " q 3 0 L8 where /
2

and YM = : •V

Qo, Af ,
A.•.. -- - 1 O• ~(g 5)2 +-"/Ttj :

S -r r S 
' I +

Rnd for AT.!.Oq VI '!,- V. a.

So I

"""±

-- - - -,,~----~~- ~F--- - -- i5
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MrTT~i w VI Is Ct

I 9 Mrch 19

PART I I-H LANDIDNG DISTAX01 (Wont.)

(3) f;_t-ORLLU Wont.)

~~= I 17

* :z: :J_ __ _ 1777

L I 1.775

s : 3~5 -4W'7

5 3•. 0 0(.62 376) (103.0 x .9 50)3

- 30.77 V/S

s~ 3 0.77 6100 = 13,60 ft. for 614,o00 .Lb•,

G~ro~t Weight i ih4, )lb7 ••_ •-

3 s!1. 26o 2315 At 123 13 50

,2 - 2 -- ( 1

wt

30-77• ...X/s_&.• .. •••



YMART U-1.~4 LAIDING DISTANCE (Cont,

(5) 'Nffnet o.f 11evexan Thruat on~ T4ndir 13imtruire

Uhe offeet of reverse ia-coýA on landing diat-anro int
reducze the gr-- riin Ipr'~~~y rom data --.Vnilable

on other 'alr-oleuncvs -Atl. reve~rainij T,1'Ovisiofl, it is

evtL:---Lfd that the grount! rurk will l'e reducuro4 by approx-
imxately 140%. Gliding and transition a3istance will remrain
the samio. The total. Innding ditR~nce over a 50 f.t. obstacle
witIL revorsed thrust isti bhul-hted btplow:

Gross Weight lbs. It40OO~ 16I1flQQ

Gliding Distanice ft. 335 335 3
Tr-ansition Distance ft. 313 k 5
Ground fthi ft~. 571 6g 86
Tothl Over 50 ft.. ft. 1u'19 11407f 1,06o

?
tI
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PART~ II I

POPORVMflME O1 ALMUATI C~ PACKOFF1'

-kil. en nultions in this part of the report are for the
airplane in the ";Pack Uff tt uoxnfi~mration only.
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PAiRT I i I-A

A. THRSTHO POI AVAIIJJLZ

The thrust horsepower avallable for the airplane in the "pack off"
configuration is exactly the :3amo as was computed in meotion A of
Part II. Plots of thrust horsepower available versus speed for
various altit-dei Pro presented in fimues 72 through 74 for
normal power and figures 75 through 77 for iillit.ry power.

B. THRUST 11PIOMI R~kUIRED

1. nG2nr

The thrust horsepower required for the airplane with the Opack
off" is determined from the same relation as used for ¶,aok on":

where D Is bmsed on a %D corrected for Wpack off" as explained
below.

"Fiares 72 throfgu 77 present plots of thrust hornepower required
versus npee6 for the sub)ject airplane at various altitudes and
gross weights of 34,000, 44,O0W, nnd 54oO00 llbs.

2. Dru .Coaiffi~c~ient -. Clean Ai~rplane

The draft coefficient of the subJect airpla^ne in the "Paek off"
configuration --as determined b7 evaluating the dhang•s from the
"Pack on" configuration and adjusting the "pack on" polar diagram

an shown below: -

Funelage Mar. Oros* Sectional Area 0q. ft. 57.3
uselepe 'Length ft. 50

Ylnei)lese Ratio M .e6bu L~/VA 5-9
Reynolds Number g.775 x I07

OD Smooth .0509
i Rug-nneen & Lealkae- (sq, ftn•elne.n) jF tmo 1Aj h 60%

O D c o • - ( a n f O f f )- 0 !

; o "+r !I •.K-7~ (Ftcek On fron .... ... -1.b/ h 03 ,,

Si • <__ ,. ..... )

IA ,- ý, -"""L2
A n 9

7i.1



PART III-B-2 (Cont.)

This checks exactly with resul2ts of pack-on arnd pack-off
5ft. wind. tunnel testa

')'hA Avitnnt., oaffemt of en.uiA f~onu onnn In e-i~mh iratil

A -.00714 for climb

a. Defleat.tc1 FlL~P F

Thm inr~ni ft ii irp (itv-ibiit-d 1.y d.eflfctad , Ang flwn
when the. aipano in Iii Lae c-ft iuiiI&inI exacrtly
the PiARe :xt tTia, priseted in fi(ree2)

with the "Pac 0wi r.

b. Landing G-ur nl tede

The increment in drag due to extended landi.ng gea.r is,1

SO-. = o0656

4. Thruet epower !

Thrust horsepower requirnu for the airplane in the npao•)Q-ffl
confighirntion was computed using the polar diagram o1 figure 11

withfor remov of pack
The metod of crilculntion in exdotly thetename as that for which

Thrusthorsephower inule Part the4 irp9lane Of theb "pc-off"~tO

are plotted in the figures tabulated below for gross weights of
34,000. 44,000 ancl 54,000 )TIb.

Sea Level 7P Rne 75

3300 7
&000 72

7300 13

re I(~f77

rf

- .i 4J'~~SW~~I ~ ~
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PART IlI-C GLIM CILINa U,1CULATI08

axim'i, r~tes of climb have been cumputed for the
U aimpiiji -I, thIe ptnc-I off nt both nrmn-'

rated and militnry power at gross weights of 3P,000
h4,000 and 51.000 lbs. The method of e'lcnation is
the same An that for the "pla-k on" condition.

Maximum rate of climb versus rititude for the grossI
weights listed above are prPesented in fipirpm 75 and
79 for normal nnd military nower, respectively. These
rate of climb curves were then irtegrated to ,pt time
to climb which in plotted. in thu e•mei fi.-ri.

Service ceiling is orosuplotted against gross weight
in figure 80 for both nor.nl and nilitary power. Combat
ceiling (500 ftimin - military power) %a pr~sented in
figure 1.
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PART IUI-D MAXIMUM . ePW E AND CLIMB SPXND CALCLATIONS

Yea._Dr-2r -eeda for the miprlmne in the "prick off"'
configuration were obtained from figures 72 through
77 at the intersiections of the power required an&
aveilable curves. Gpefds for rnmximiurm rrteu of climb
were obtained from the same figures in the course of

the rate of climb calculation. Maximum weed ond
best climb apeed versus altitude are shown for gross
wsiphts of 3h,000 W4,000 rtnd 54,O00 Ibs. in fiure
92 for normal ratpd powor onpr-tinrv :!n In fi're

93 for military power operation.
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Subje~ct;- -PE.URPýIQE CALCULATIONS ~~Ia~ 94

PART 11II-E

X. 01L5NG GLCLIJN

1. Cruisinj. ?oyer Rtequired and Available

Cruising calculations for the Ptrplanni with the pack off
are mad~e at th stand~ard tiltituade of 10,000 feet using
the same power end fuel eonsumjption data. as was used. with
pack on. The limiting BU ver~us 11PX curve of figumrs 34,
the 370 versus BHP curves of figure 35, and the TRP& versus
speed curves of figure 35 are, therefore, still applicable.
Cruising power required wee computed using the high speed
polar of figure 11 with the constant A 0 D for pack-off.
Cruising power required and available at 10,000 feet with
the pack off are plotted versus speed in figure 94.
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PART I11-3 (Oont.)

2. Miles per Pound Calculations

The miles per pound caloulations for the airplane in the
paok off condition are made in the eazz zannar as w-rs those
with naok on. Miles -or pound of fuel versus speed as
based directly on the manufacturerTs SJO data for use in the
maxiimm range caloulation are shown in figure 85; the corres-
ponding plot as made by increasing the manufacturer t s 87G by
15% for Uve in the combat range and radius problems is shown
In figure 86.

Figure 86 le thnn used. to get the miles per pound at th" speed
for 99% of best maonomy an required for the combat range and
radius 'oroblesn. and this data i. plotted versus gross weaight
in figure 87.

In like manner figure 18 is developed from figure 85 for use
in computing maximum range.

I
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PART III-E CRUISING CA3 2OtLAkTIONS (Cont.)

I3. oaa UadI~iusof Acti~n

Combat radius of action with the pick off is computed.
in Lho stiip ,a*nrmer an was u.ed with the pack on, by
integration of the ml/lb and hr/lb curres of figure 87.
These curves were prspared ust-ni 1.15 tines the Tnunti-

facturer u SF0 1s and1i aneeds for 99, of best econovy.

Combat radiun and fael 'Load for combat radius with the
p.ck off &re plotted against take-off gross weight in
fig-ire 90 while total time for combat radius in shown
in figure 91.
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PART 1 TI-S ORUISINlr 0.LMATIONS (Cori

I I

Co'bnt range ann time for combatr range Vitth •he paok off
are computmd uning the mi/lb nnd hr/!b of fuol curvtc of
Z'igure 97 in the sipme retynn~r t- wAs dnieior the pac on.

Oombat range, with oorrespond.in fuel nnd total time ie
plotted against take-off groes weight for the pjck off
condition in figure 92.
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S. ... .... ........ C CULATI.ONS

PARlT II1-.S (RUISING OALUiJATIONB (cont.)

5. axmman.

Mnximum range and t1Aue for max-imum rqnge are plotted- versus
toak-off gross wetpht for the airplanp with the nack off in
figure 93. ruel loade are marked on these nurves at 2000 lb.
increments, but there is no cargo parameter as there is no
provision for cargo Ath the pack off. These range and flight
time curves were derived from the mi/lb end hrs/lb curves of
figure S9 which tre based directly on the manufacturer's SEO.
This derivation is p-arallel to that n.eed with the pack on and
again maximwm range makes no allowancH for warf-ups take-off,
climb, head winds, or reserve.
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PART III-?'

F. STALLING SP&fl8

Maxinmui lift coeffilcrinta aned~ for the aalcu11ation of
st~lling epeeds withi the -nack off mrfý the mazre as those
used for thrj paoic on calocmlations as ;hown in figmAr- 0.
Stalling speeds aro therefore the saiia for a given gross
weight whLethter thp ý-cnk '--, cn or off- = talling speels,
arm plottl-d vorsus gross velpght in firure. 9)4 for the gross

waeigt railje 'Josr~ble with the r~Ack off.
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PART I-I-G

G. TAKE-OCFPJ lTANCM

Take-orfrt riano•e over a 50 ft. obstaole was calculated for
the airplane with the pock-off in the same manner as umed for
the pnnk-on. Available thriust vereuN airplane ýmppd is ntill
the seme as that preaentnd in fipure 5P. 'round iu i•,
determined for gross weights of 34,OO0, )l•4,OW0 and 54000 lb._
by integrating the curves of V/(N versus V an shown In fl.ýure

96. TraniaitIxin distance was rnommitt-c by thp integxv-ktion of the
R/C versus av ourves as shown in figuare -97. Theme aurves aro
btmsa oun thu polar aia•ram for the airplane in the take-off
Configu.ration with the ppck--off as plotted in figure 95. Bncau-e
the airplano attains more than 50 ft. altitude during transition at
all possible gros weights with the pack-off, vertical and horlisotai
distance* ara plotted ag-inst each 0her in figure 98 and the trans-
Ition distance to 50 ft. altitude to read off this Kraph.

No jet arsisted take-off calculations are mnade for the pack-off

configureation. Since,

1. The tqek-off dilstpnaei ufnauxisted for the seine proon weights
pawk-on an,. -oack-off are so niarly tlhe mp-e that a rood
estimnt& of the effect of the Jets ocan be had from the p-ick-
am ielouuations.

2. At these low gross walghts the take-off distAn.es- ettcthnr pack-
ofr oir paok-on are aireadv no short as to make the jet amr.isi
Unnecessary.

r'ors Wn. ht 314Wl 4)V-00 540W

Transition to LjO ft. ft . .71

[Tota• Over 50 1t. ft. 8l2 133? 1954

Grund ruh i nn nd totni t,ý4 e-off d.stpnce over a fifjtvy Foot t-st c-.e
.re .plottb- verwus fr-rot.n weifht in ti'iren 9_9 Pind 1.00,

............................--.
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P'ART III-H

H. LANDING DTSQAXP

L.anding distance over a 50 ft. ubst•.0•a was coupL.•a rur
the airplane with the pack-off at gross weig}itu of 34,000,
414,000, and 5oo000 lbs. by the same maethod a- ian used for

the "pack-on" calculations. The effect of reverse thrunt
is Agai .oo .LC to be a redaction uf 40% Ia the jgroun4
run. On this basis the landing distances over a 50 ft.
obstgole are tabulated below and graphed in figure 102
both with xnd without the effeot of reverms thrurt. All
calculations are based on the polar di-graam of figure 101.

Total Landing Distance Over 50 ft. Obutacle

! - WtheAt Rever-a Th-lU, st

Gross Weight lbs. ..000 44noo 54000

Gliding Ditahoe ft. 345 1 345 3145
Transition Dfistance ft. 5 ] 320 393
Ground Run ft, t 73_5 0 52 169
Total Uver 50 ft. 1t i2 1b3 ii 06

'2 - With Reverse ThrustI

Groom Weight lbs. 31400) 41=000 54000
Glidinz Distanne ft. 345 3)15 i 345
Transit ion Distance ft. 29 120 I 393
Grou~nd Run . .t.. 701
Total Over 50 ft. ft. 1034 1-236 11439

II
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I I
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PART IV-

All calculations in this part of the report are for radius
of action with pack-on for trip out and pack-off for return
or vico versa.
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PART IV - (Oont.)

SECTION A - GBK~a.

JBecaunie of its~ unique douipgn, tho XU-120 is capable of
SO-Me oi-viRI~nj %Aili ar ijtiustible with other vircraft.,
L~ike ik trailer truck, the pack rand carrier in combination
can perform the following coiabzit radiust of action problemoi

1. -Pack Pnd cilrgo ouit, drop P~ack aind cargo, no pack brýLk.

2.No pkock out, plctl up IP.-ck Find. i~lgptpk- and cargo
back.

OEGOTZON B - RUI53XG CALCULATIONS

Cotnputntionis for tbenfý two probliemsn tie. muAfi In the Silme
rn~nzer and conformn to thiJ. isaue~ tnerai. dlefiniti'.)n as WI-4
used in pprt 11-D~-3 for thn paclk-on mtr-sions. In this
op-se; however, the tml./11b. and 'ir./lb. of fiiixra 39 'e~ n1;

bp, -unud for thvý pack-on s~epmen,. of the rabias while thl~ data
of fignro. 97 miuat b" limed for p nakof~rf mognent.

Coyrbrat r~idlnrs and totri time .ýrlds for thiose t01wo problems
stcshown in fit-vuren 103 vin-. 1o6.
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fe.) Pratt & dhltney Specification U-7056, Model Rf[360-20, dated
17 Deoeeber 19h6.

(b) X&OA Advance 'Restricted Report 3125, "Repriaentative Onerating
Charts of P~ropellers Tpeetkd in the NIhCk 20-ft. Propeller Research
Tunnell, by GrvaW and Mastracala, dated Seotember 1943.

(C) Hamilton Standard Method of Propeller Foerformanne CalculationsI,
dated 1-)41.

(d) Fairchild Eiip-ineering Report RIIO-O0I, "Performance Calculatlone
Model 0-119B", dated 8 May 1910.

(s) Fairchild Engineering Report 'R107-012, "Bsic Aerodynamic Data",
dated 9 July 1914.

(f) Preliminary Data from Terts of the 1/12 Scale Model of the XO-i20-
Airplane in the Wright Yield 5-Toot Tunnel.

(g) KLOA Confidential Memorandum Report, "Wind Tunnel Tepts of the
i/I14 Scale Powered Model of the Fairchild XG-92 Airplane, IV
Lateral btability and Control", by Crandall and Weil, dated
11 Au91ust 1943.

(h) Ar.y Handbook of Inetrutionot for Airplane Designers - Sth.

Vkition, Volume I, Revislon 7, dated November 1943.

(1) AW Exhibit RxO&9-4, NStandard Aircraft Characteristics Gharts,
Preparation of", dated 25 September 19145.
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APPI1MDIX I -

PART I-A

A- TW!PnTNTMTnWa

It is the purpose of thls Appendix to present additional
performnce informtion necessary to substantiate the XC-lPO
Standard Aircraft Oharacteriitijo Charts in accordance withthe requirements of reference (App. I-I).

Two nets of characterietLoo charts have been prepared by
Fairchild Aircraft for the XO-120 airplane. Reference (App.I-2)
was based on the estimated fu".!. 'pm•ioty of 267T gallons and a&I-
fuel consumptions were 15% conservative. No submtantiating
calculations (based on the original performance report of which
this •ppendix is a part) were presented.. The revised character-
iltion are based on an actual weighe@ airplane, the use of bladder
tank. with a capa-cty of 2795 gnllons, and a conservative factor
of 5% a a servioe tolerance to allow for practical operation.
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PART I-3

(1) Take-off power
(2) Maximum power
( ) Uorml power
(R) Take-off and lauding distunces are obtainable at son level uving

normal technique. For airport planning add 25% to distance* shown.
(5) Detailed descriptions of the RADIUS & WAC3 Missions are given below.
(6) Maxiama cargo for 150 N. ft. radius.
(7) For radius if radium mission in shown.
(5) Without reverse thrust

(a) Performance basis: entimated data.

(b) In computing RADW'R & RAMON, specific fuel conmumptiono have been
imorrased 5% to a0.1ow for variations in fuel flow in service aircraft.

(G) Pnrformanee it based on •o•ars shown in refsrnno., W)

R4DIQ~t Missions I & III

Warm-up and take-off, climb to 10,000 feet cruising altitude at normal power,
cruise out at long range speeds, land and detach cargo pack. Without re-
fueling, warm-up and take-off, climb to 10,000 ftý a,,itude at normal powGV,
cruise back at long range speeds. Range free allo*Unceui 20 minutes at
normal power for warm-ovp and takc-•fes, 5% Initial fuel for endurance and.

landi!ng recerre.

RA.GZ: Miseiona 1I, IV, V, & VI

Warm-up and tatk-off O14i_0 to 10,000 feet cruising altitudB at normal
power. Cruls otit at long range speeds (one wey flight only). Range free
allowanoes; 10 minutes at normal powc: for warm-up and take-off, 10% of
initial fuel for enduranu4 and lAdting reserve.

RELICE Rawf~e wissionr I. IV A Y: The Pabs6" ir carried the entire
distance and the performance, figure@i shown are for the "Pack-Oný!
oonfienrtt!on. Range mission VI in "Pack-Off• nl1 the way.

tI
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PART II-A

I1. OALOULATIONS

A. TMPLSH I f
All power available calculation. were made uming the mame methods
previously presented in ,Part 11-A of the bavic report.

B. MUST HOR WVOWRRIP

All power required colculatio:am were made using the am= mathodj
previoamuy described in Part 1I-B of the basic report.

0. M AND OXILING CGALOULATIOND

The data of figures 22, 24,, 7T A 79 of the basie report have beeon
cross plotted against gross weight for use in the preparation of
reference (App. 1-3). Plots of rate&of-climb vs gross weight,
normal and military power, pack-off Pnd paok-on are plotted in
figure. 107, 106, 109, an!_ 110. Figure 111 it a plot of time
to climb at normal rated power paok-on at 10,000 ft. for ise in
reference (App. 1-3).

All other data used in reference (App. 1-3) cAn be obtained from
thte ain body of thx report.
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APP MX I-

I ~PART II..)
D. _W M fUE IN LMES

Maximm peeds are plotted versus grois weight, normal
and military power , pack-off and -oa-on, uing thn data
of figures 30, 31, 92 and 93 in figures 112 and 113 for
use in the preparation of reference (App. 1-.3).
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-P *IX I'-,,l -

: ~~The c -u .eing ,-ry:" •, .- , ..
""datA Referenco t A -. , Ap V bae o.4%

cruisin . )?j ..... __Iý?A-k54 B,',

• ~~~of 267 .A-1. 9 •fer~ence (App. 1-3) =., -. ,,,w , Tr;•i to

In mzfacf~t~u-t-Fs• 3773 valuse and blnmdrrLt,,. of ;:799 1n
capacitty.

S}Maximam Vsk-e-off g-toss w'eight in• the tpaest , ,-.,!t' 4 which :

sat•isfiesl all the criteria of r'e-.*,Ar*Yzc (App. ; A%)

(a) Chroos weight sihall not excoeed the wei.ght, ,oi t111, ^..,l !
fully loaded with fuel and cargo caaii~ty for wt-."" CWAO•

and/or tankage in provi~ded, with cargo dens4.%-v" V', A

at 70 lbm./cu, ft.

Weight Empty , ibs. 42•961
Trapped Fuel & Oi1l:•

Mi scellaneous Squipment 2,)'

Bavic Wt. a T.O.G,.Y. l @sm f~tel & cargo57,b 3

Miax. Gargo for 29)0 O-.-t. 0 70 #/Ou.ft-
Total f or this Limitation•.-[O b•,

(b) Y•xiwm takPoff gr~oss wei~ght, for trke-oiff, taxi and
S~gr'ound hanf ling.

,I ,OO~r 1be. with nose :gear critical

(a' ting ,shall makc good a fii1ght limit load factor of at

Gross weight varies with fuel load, With enoug(h
fuel for foijght, in all cases this will be greater
+ L o t h e r" l i '• i.i4 85th tW 1 WVA , er e • .

A~P2~NlIX IJ
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o ~~>I3 Aa7.Thh L~i.i 25 Sept. 1950

Y. 11

1. U

i z XC-12O can SUppw;t~j -' i-%n-ooentrsatvd vehicle load.
o' 100O00 lbs. at a :2 -4ý )J lit Iload factor.

te I t V thce-ot ground run a-t sea level Phall not exceed

The"idare 59 of the mazin report, thn tatke--off grouuc.
weighit which would require an S5ooo ft. -rouvtd run iti
estimated to be approxtintellr 95,000 lbey.

') he rnxt-rnu, -ateaof-clim~b PAt uoe level and standard atmo-
Sp'h-wtAO Conditions with norakl power shall not be l-evs than,

500 ft/min.

froria ftrurao 'IkO7 'the- l-ia*l*ig gross wai1rht for this condition
iii estFj!'tcd Ike be In excesum of 80,000f lbs.

tpt vl~r;c ceiViri with wsaximmzi power anti one eng3 (In

-,tY hR1ntbe less than Peea level.,
".vorin £ir~re .y5 the limiting gross weight; for this condition

WTCtýý lo 10?f,'flx lbs.

;it '"er cn. ,etvit? wI±± rea withIdin thcf sattnblluhed%
1, N * nri, S1 A t. t

11w iitti-y, teŽ-&rr-f Trove weIght it thczrcfore, 7 Ib. a

aI~u <~A~~r-room %,-tght In, the greatest &,rosu weight at which

~ioi~oi Vi~ihta All o the erte~rementg p ~arefp satisfied

)¶ ~ ~ ~ ~ ~ 1 it,~ *t.r. e ln
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Th hiaithi,-opoiln o nrai- h iýfih

veight.

Ma~clmnum tuk-e-off r-rose wetghit TJ 7 0Ibn.

Tho thaeconsiderationai it its ispret that the imiximum
Iia¶Weighit will 'be A1Dlted to 70,700 lbis.

d~.~tur, nevr reomtreid and~ availablei for the -purpomees of this
A: a'r*, a the namo aýý, th1hsli In the iala report.

(4 e" tS J,'p. ; -4) ()t 'SWiUi Apurmat's buaa i A at a rLAC yr'LR M

of ('r~c a of the Irtmtv-f riporto is i umdIn the preparattion
of f~~-u~ ii.13. A pot of Rlip vs RP"M is give~n inm

A~pr'ire F01 )Abtoh Lai espiwnttAely thep pwarw old ftgur 3)4 i th
main bod-j o, the xreporL oxt-ect for chnngnm above I9O0 BHPi

(wth!.-i -'lhor' V- entt2ný,- :ranjce In thin aumcti~on). A D1ot
0rik h: _ .'-yrý re (*Pp~. I-4) tu prenente4 In figure

"¶dt .cf~to fo:ý -LanQical miles per po'und of fuel
nr@ the .m -2 for t;-s :-*T~unrt, arcept that all nsloifitioaa
are if aIrQ aia .crueelicnlatton 1. shown below
for v- a&sn Ntr~ oif 6)4,rc& lb.. and nakutical , Ie per lb.

£qcr~a~nnin £hx;r' r Pacv".xruf data to i Vt gt as that
~~TAf ))I'~ ~Yth icrt- :'ept jPC'J fre incrogme 5$.

1240 j ~ IP.1 xi 1',117 2

The vvý`& '' c' t '?' 4 f I '~ I uvuts
It gr e pr If, Ii. ix form~ Vii `1 ' xe Values

j~f fr9 vt/a 0-
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kir./J1b. of zuel a Rat or1D 0 fubi -

The computatton. ivre showni beaytpaok .W1utlCe vi 't
per poui" of fu-3l at 994 bept economy ar plottea. agalno t
groma weight in~ fi-opres !1t and UY5 which form the bayl.
for the coubat rai~gf and comba.t r'dius problemn (>f theR
followi~ng Nai

Groall Weight ~P4-st Laonoliv m9~ B w ~ooxy
L LBS. IS 1 /F I I- N- Mi/lb Vknrotu riO{ h

-4oo -- 6. 16515

ýI4,o0O .I G7A.l .1655 131.5 1.026

64,o .1P . i 6. 1 .o-90
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IREPORT NO. 111ot-016 t~PtIL Ic~Frll'~~ *4~- A, (~

DAT. 9 War.oh 19lt9

Subject.--- .... 0MM EA4W - .... .. ............. ... ... ....... ... REVISED -25- Septo 1950.

APPZNDIX I-

PARtT xi-E.~4

vare-.p, take-off, and climb should be accounted for la
all range calculations, these items are oomputed here for
pack-on. Pack-off oomputtations are made in the same manner.

As per reference (App. I-X) ten minutee operation at normal
rated power is allowed for wra-up and take-off.

Fuel - 3.-.0 z 1.05 x Wo. of Zng,. x MW 10/60 hrI.

x .72 x 1.05 x 2 x 2650 o .1667

Ftel 2 W lbs. for 10 min. operation

ftel used in olimb to 10,000 ft. - B70 z 1.05 x No. of MAge.

and 

xM /

Range In climb to 10,000 ft. = T/C x Avg. V laimb in kzots

Using tba data of reference (App. 1-4) and f- -e e 22 and 79,
fuel need ,and range are eonvqnttc• and_ platted with time against

gross vaght in fi.gures 119 1paek-on and 120 pack-off.
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PART 1 1I- -5

5. n aowaion

Cnmbat ranre and radius of action are computed in accordance

with reference (App. 1-l) under these requirements oil is
considered to be carried .al the way. Range Pndl endurance
for any flight leg are therefore comuted by the following
integrations over the weight change due to fuel coneumption
only:

r Lai.4ng Gro., Wt.
RANly (Naut. M.). (hut. Mt./Lb of fulo)dw

"" TakeOff Grose Weight lees Climb Fuel

UIRJEAXE (hou ) Landing Groov WeightE•I•RAEE (h~e).=/ (hours/lb. of ftnl)dw

-a Take-Off Gross Weight lee Climb fuel

Wher, nautical mile, per porld of fuel and hours per M00) lb.
of fuel my be read from firarew 117 Npatb-on" &a 115 "pack-
offil. I

The combat raltum of action formula ito

Allow 10 minute. operation at nomoal rated power for warm-'up and
take-off, cli'1' to 10,00•0 ft. at normal rated power at eped for
beat climb, cruise out at .peed for 994 of beat econmy, lnd
And detach cargo pamk- allow 1n irmnutes opermtlon at normal rated
power for wrc-up and take-off, climb to 10,000 ft. at normal
"+A •,,v,-',,, ,tt rnpeea fnr he+ eatnmb n,,".__ be.i- at mv•ap. for
99% of beat ovono•my, 5% of useable fuel It held in reserve i't
s!l times, all range data are 5% conservative (5% increase
I+n SwT-s), relnge is based on distance in climb and cruise.

Oalculatiorn! for combet radivsu• 'f action have been msde "t various
greos weights, fýul, and car(o loads. A sample oalculation is
"shown on tho following page anil aoarpieae rerult. -,ar plotted ii

f1Iffr 121.0 iFl

iF4fp u that cvru ?tinr nevrt•iA fthm enti •g wi- tanwc; tljta r+ n ,jittq.

fcax go'V -- XIn c1:- f -vie t'fl
n. ,..It. p- . .
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APPENDIX I -M1 IAO
PART 11-i-5~UDI3 AUTQ

_Aoos _w;_gh lbs j

_J e.o~r reservo 6

60114zb frosn weiei 4t ak 1 b. a6 170,032
tual useda innalimb Out lbs

Tineý to &alirb o'ut !r 0
(,'r r) aawaiffht at stait of orul.of oixt The 692Z
Fuel P-ssu'od fox_ craiea outlh

v.rYagý groes woijjht 'for 01-1i184 out lbs , 66,i0
Ilau. Ml.jlb Of ieL 1125

RjAnt~a tfl cruise out - ?aut tui: 1
1b. of.771

Tlim.v tu crulne out 4i 19
TL6nd.lvig groto wrelehl lbot .62.929,
Droup CaT b~ 12.69C___

J'uml for roturA 45" r

Ultiib grose Weight 1,0 144.4
Yuel ave~d in cl1imb bauk lbs 932
Hunjgo in cltih bac Nallt Ud 9.
Tlmm to climb b.aok lire

'Fuel j'x orualw4~ back Ito 4j6

Avera&V grar vsigt for oruaioe 'bank lb. 39~,l72

hrsJ1()&2 Yb. of fuel I

Meta oruiiii back 11 .

.CntL 1-allrne Inaludirit a I mb Np't r 5ot;

.11 t .a tiim-e 336
Avoragi... 5'i.t
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A.VPj3XTDIX I -

)?ART 11-r

Stalling speeds are the same as coomputed in Part II-JV

an& 1I1.-F of the main report.

G. D.M:2FF DISTAl.01

Th. take-off distance computationw in the B-Ain bod4' of
the report are adequate for Standard Aircraff; Characteristio,.

HI. LA_.NDTNG DI3TZ&NC_

Landing distance% an cor• ),ted in the main bAd, of the report
are adeqyuate for the purpone.s of reference (App. I'.).

Ir

t¢
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APPUNDIX I

I 'AT JIII

I) Military Specification I-IIL-C-5011, GChArt.; Standard.
Aircraft Ch1racteristiot Pnd lPtrfoi•nctk, Piloted
Aircraft", dated 27 July 1919.

(2) wStanndard Aircraft Characterintiou Chartes - XU-120

Airplane, dated 1 March 19149.

(3) "Standard Aircraft Characteristics Charts" - XG-120
Airplane, dated 25 September 1950.

(4) Prett & tih`MIgney RRhrine Specification B-7056-D, dated.

3 Januairy 1950.
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